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Seaplanes have been bullt for the last twelve to fourteen .
years and enormous experience has been gained. The present::J: 
report is the first systematic digest of the 1mp0rtant,t60hsyﬂ
nical data available on this subject.

In the earller days of seaplane development floats and |
’hulls were exclus1ve1y built by machine and alrcraft construcwf;
tors. Their seaplanes had a low degree of seamorthlness. Gon~"

'~,d1t10ns rapidly changed in all countries, as soon as the mamter
';fwas‘taken up by expert naval englneers.‘ This 1mportant fast‘n
14 | be,taken into conslderatlon When working outkp”‘g‘

nautlcal englneering ccurses, These;oourse‘
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‘ TABLE I. . .
Numerical List of Seaplapes in 1985, not Including

. Txalnlng Airplanes ..
Pur Bombing Obser- ‘Numﬁey-1lt

suit and vation Flying Total of

air- torpedo  air- boats air-

planes air- planes ‘planes

planes
England ~ ‘
without 54 63 45 18 180 700 1: 3.8
colonies
France 12 84 24 12 132 1410 1:10.7
Italy 176 176 1133 1: 6.5
Russia 30 30 120 180 630 1: 3.5
America 131 66 264 264 461 848 1: 1.8
Japan 200 200 370 1: 1.4
1339 4991

There are two methods fo;va government to develop good sea-
‘planes: In the first instance, by placing an order or calling
- for bids, thereby leaving it to the designer to develop his own
ideas; The result is the creation of a great variety of types.
In this case, however, efforts are not directed toward a syste-
matic development. Gonséquently, many inadequate types are ob-
, tained. k

In tne seoond 1nstance orders are placed or blds called

;cr; but the deazgner 1s limited by strlct sp601flcatlon. In

1}50&&@ few types are created but all efforts are dlrected
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;  toWard their deVelOpment. As . result ¢ ﬁ‘*

Tt%“ perfectly practlcal feaﬁures

7 '10&1 methods of production are abtalned.,

Amerloa is the most successful expcnent of "1,
meent,“* Next comes England. Fpance stands'fqr tﬁe o*herns
'tem. Itély, Russia, and Japan keep gomeWheré béﬁWéeﬁ*fﬁé‘
Owing to treaty restrictions,‘Germany has unfortunately adopted
free development. The danger of this system is but sglightly
reduced by the systematic working methods of German industfy.

The objections to the system of 1iﬁited development are
invalidated by the decided success of the United Stabtes. The
success of this system actually depends on a single condition,
namely, that the nafion ddopting it should not have reached its
culminating point of development. If this is the case, no last-
ing sﬁperiority is 1likely to be insured by either free or lim-

ited development.
Characteristics and Graphic Representation of Water Resistance

With increasing speed, the water resistance or drag of a

:1 normal seaplane first reaches a maximum value and then falls to

. sp' "d.n ” lhe I@Sls’sance d-ecl'i”k" :
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plane., At 40% of the take-off speed the wings support*o_
16% of the weight. Water re91stanoe can be represented as
pendent on the total weight and on the load supported by the  : 
water (Fig. 8). A factor of comparison can readily be 0bta1ned
by expiessing the resistance (Fig. 1) in per cent of the total
weight. The factor lies usually between 20 and 30%. The Tesis-
tance curve changes immediately, if the seaplane is more heavily
loaded for the same take-off speed. The same result is obtained
by changing the take-off speed or both the load and the take-
off speed simultaneously, which is ususally the case. The mag-
nitude of the variation is shown in Figs. 3-5, The numbers
refer to a pair of twin floats. Conditions are similar for fly-
ing‘boats.

The procedures oubtlined above are not sufficient for com-
paring two pairs of floats or two flying boats. In this con-
nection, G. Madelung has made a useful suggestion. In Fig. 6,
the speeds are plotted as abscissas. The oblique lines a, b,
¢, and d givé the weight resting on the water for different
speeds. The water resistance is plotted on these lines as a
fraction of the total weight at rest. Points of equal resistance
iéﬁ?jtﬁen;cbnneﬁted7and‘the system of light lines is thus obtained.
“fo means of these 1ines~the‘Water~resistanoeicurve, plotted in
f‘fFlg. s; can. be read for any load and for any take»off speed,
7‘~after dr&w1ng the oorrGSpondlng straight line.

Ohaxasterlstics can be easlly computed from the 1ines of
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such a diagram. An appIOpriate choice of the 1ﬁ1tia1 diﬁw _
~ ment, on which the numbers are based, would permit'm |

good comparison of the dlfferent lines.‘ of course no o

gson can be made, if the datum for two different 1ines 13 0hosen‘: fV

arbitrarily. Ana entirely nond1mens1ona1,representaxlon can be
obtained when the speed is divided by a linear dimension. It
ig wery difficult to find a universally applicable dimensioﬁ,
which will not disturb the comparison. For either single-float
or twin-float seaplanes the wapter-resistance datum 1s given by
the total float capacity. As far as seaworthiness is concerned,
the capacity is usually 1.8-2.3 times the displacement at rest.
The water resistance of twin-floats of 2 tons total capacity is
shown in Fig. 7. The shape of the float is shown in Fig. 8.
Without changing its submerged portion, a flying boat may
be provided with a cabin hull or with a military hull., The to-
tal capacity of the hull is thus considerably changed. Also
the same hull is often loaded to a different height. In this
case thc determination of the datum line is rather difficult

and recquires careful consideration.
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Comporison of Model Tank Test with Actual Performance

Actual hull

Model

(1)
Propeller thrust overcomes
both water- and air-
resistance, accelerates
seaplane and develops a
nose-heavy moment. .

(3)
Water resistance depends s
largely on flow under
hull, which changes
slowly with increasing
speed,

(3)
Part of water resistance is
due to friction subject to
the Reynolds law.

(4)
Controls are ineffective at
low speeds, but work sat-
isfactorily at high
speecds,

' (5)
Variagtion of 1ift is effected
by altering the trim.

Both thrust and water resis-
tance act on model according
to height of propeller. Ac-

- celeration thrust lacking.
Consequently very slight
change of trim and resis-
tance. Variation within
measurement accuracy.

There is no acceleration.
When there is acceleration,
the hull always travels
with a flow diagram corre-
sponding to a lower speed.
Varigtion of water resis-
tance is within range of
megsurement accuracye

Owing to friction, water re-
gsistance measurements of
model are too high and
must be corrected.

At low speeds the model is
tested untrimmed and at an
arbitrarily chosen angle.

- If this angle proves un-
favorable at higher speeds,
it is then given a prede-
termined value.

Not taken into consideration,
gince it is difficult to
realize and has no effect
on result.
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Laws of Similarity and Theory of Madel Tests

Water resistance is determined by model tests in-a{né L
model tank. The application of thé results thus dbtaiﬁéd;tg   ff°]5
full-sized hulls and floats is based on the Froude lém‘effsimigl
larity.* The Tequirements of this law are given in Table II.
Owing to greater friction, the model produces more spray than
the actual hull, but conditions are not very different. As a
whole, the results obtained in model tank tests form a satisfac-
tory basis for the development of seaplane designs. No other
method is available at present nor likely to be found within the
very near future. Formerly models were tested for different take-
off speeds and loads and the corresponding resistance curves were
plotted, as shown in Fig. 3. Now fhe resistance is measured in
function of the speed for three or four loads resting on the wa~
ter, and Madelung's diagram is plotted accordingly. Owing fo
the detrimental effect of friction,** the model must be raéher
large. Therefore, preference is given in Gerumany to the Hamburg
naval tonk*** (the largest in the world), instead of the Prussian

hydravlic and naval tank. The comparative tests made by

*Weber, M., Fundamental principles of mechanics of similarity
and their gpplication to model tests. "Yearbook
of the Shipbuilding Sooiety," 19193 D 3556,

; and Res1stqnce of short surfaces. "Wharf Shipping;(
Kloess, H., Harbor," August 7, 1925, p. 435. ' |
Kempf Ge, Surface resmstance. "Tharf, Shlpplng, Harbor,"

OCtl 22, 1924, pu 5810 G
u asurlng instruments and methods of the Hamburg, o

buildi ater tank. "Wharf, Shipplng, Ha ba 0
VRO, pp. 335 & 367¢ ( o

 weeEopp, M.,




N.A.C.A. Technical HMemorandum No. 426

Baker* in England in 1918, are not sufficiently acéuﬁdﬁé;ﬁf7 

TABLE II.
The Froude Model Law

Symbols for

Orig- Model
inal

Unit

Conver- Similarity Conver—

sion

formula
factor L

gsion
g,x

Length
Time

Force
(water re-
sistance
and land-
ing shock)

Displacement

Mass
Speed

Acceleration
Work
Power

Angulai
velocity

 Anguler

~ acceleration

m/s

B K=%kK
15 Vol=vol N®

K T2 M=K T2

>

achines. ‘BritishyAaviséfy
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{gls onlv water r381stanoe to be overoome. This inc
”fmaximum value which lies approximately around 35 toléﬁﬁ i
: take~off speed and 20 to 30% of the total W@lght\(Flg.kl). Then
it‘decreases agaln and becomes zero wheh the seéplané clearé the‘
Watér. The speed at which resistance is maximum is termed the
"oritical speed." At this speed the air resistance, which in-
creases as the square of the speed, is approximately 16% of its
value at the take-off speced. For older boats this equals 20%,

or 1/5, and for modern boats, 10 to 13.5%, or 1/10 to 1/8 of the
total Woight; Thus the air resistance of older boats at the
critical speed is 3.2%, and of modern boats, 1.6 to 2% of the
total weight. Consequently, the water resistanoe’of modern boats
is approximately ten times the air resistance. The seaplanc '

‘takes off when the propeller thrust exceeds the combined water

5;and air r351stance.

A result of the clevated position of the propeller, with
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'back. When the critical speed is reaehed ‘t*”'”“

‘fically assumes a 1argex angle, Tises on the 8

ﬁfthe surfa@e untll the takewoff spead is reach_

sistance decreases simultaneously, provided the hull 1&~ _ 8,
satlsfactory design. The stern then lies in a partly;no  oW,wa~'p7f3
ter zone disturbed by the bottom of the floax'and with'#wovdi@%
| vergent and successive waves, the entire load being supported by

the step. In smooth water a local stress of 0.35 kg/om2 (4.98
1b./sq.in.) was measured on an English F.3 (Fig. 33), take-off
speed 85 to 90 km/h (52.8 to 55.9 mi./hr.).* Waves of 75 cm
(29.5 in.) height produced at the bow a local impact of 0.44 kg/
cm2 (6,36 1b./sq.in. ).

At 40% of the take-off speed, i.e., at the mean critical
speed, 16% of the total weight is supported by the wings. Yet
the boat rises 6n the step under the action of the water and
glides on the surface. Then the weight is gradually assumed by
the wings and the hull is completely unloaded at the take-off
speeds. ~ The formation of waves decreases also with the speed
and disappears at the take-off. It is remarkable that flying

boats acquire lateral stability as soon as they rise on the step,

. §f tp thg‘dyngmio‘queﬁt of the water forccs.** TT‘
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becomes effective shortly before the seaplane takes off, where-
as the elevator takes effect much earlier under the influence
of the propeller slip stream.

Normally a seaplane takes off and alights'against the wind
and waves. Very seldom, and only when there are wgves without
wind, small seaplanes start in troughs parallel to tle waves,
thus avoiding their blows. When the seaplane alights, the con-
ditions are reversed. The seaplane glides on the,surface of
the water until its speed decreases to the critical speed. Then
the hull submerges and the seaplane soon comes to rest. The
mass multiplied by the retardation is always equal to the com-
bined water and air resistance.

In Fig., 9, the water resistance is seen increasing to a
maximum value and then decreasing again. Above is plotted the
propeller thrust, from which the air resistance has already
been deduced. The take-off time will now be determined. Graph-
ical means are used, since the water resistance can hardly be
calculated by analytical methods. An isosceles triangle is
‘drawn, the speed of 9.8l m/s (33.3 ft./sec.) being its base and
¢/2 its height. This means that G/2 is accelerated to 9.81/
Bm/s in one second by the force of acceleration,
= acceleration,
total weight,

= force of acceleration = thrust minus resistance,

m " oo o
it

= gacceleration due to gravity.
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| Other triangles are now added, their sid3s beinggparé1lélH‘

to the sides of the first triangle and their‘apeXeSzréétihg 0# ; f i
the two curves. Owing to parallelism, the relafion G/g z'P/b 
is maintained. The take-off time expressed in seconds is‘twiCe
the number of the triangles. The take-off distance is the sum
of the mean speeds for each second.* Systematic calculations
of_hew designs can easily be made by this method and Madelung's
diagram of wgter resistance, and a good general view of the

subject thus be obtained.
Summary of Information Obtained

Figs. 9-13 afford a comprehensive view of the advantages
and disadvantages of different wing loadings and low speeds on
smooth water. The chosen example is based on three different
take-off speeds, namely, 70, 85, and 100 km/h (43.5, 53.8,
and 623 mi;/hr.). Moreover, the total weight is increééed by 10,
30, and 30%. The water resistance is computed from Fig. 6.
PrOpeller thrust and air resistance remain unchanged.

The result of the take-off;time calculation is shown in

Flg. 13. It appears that low take-off speeds result in shorter

off times and con31derab1y increased load limit.

leferent graphical methods for the determlnation

of running time. "Journal for Railroad Development, "

: ~ June 15, 1924, p. 117. ,

;;:Before I saw this axtlcle Chief Engineer Schnell, Munich, called
m e my aﬁtentlon to this method.




. The equation of take-off speed

”‘bbﬁpriéesfﬁhe product'~F Cy, max“ Area and lift coeff

'be inoreased by using slotted wings, Tor equal sPan,‘the in-
_ crease in the induced drag, with increa51ng 1ift OOefflcient

and wing area, is linear. When adopting a slotted wing, owmng
to the great advantages resulting from high wing loading, its
considerable induced drag should be taken into consideration

and the span increased aceordingly. Otherwise, the curve plot-
ted in Fig. 1, parallel to the water—rgsiStance curve, covers a
larger speed field and produces a longer period of low excess

of acceleration. This is often the case with monOplanes and bi-
planes without slotted wings. To be more accurate, the varia-
ktion of the induced drag produced by the surface of the water
should be taken into conslideration, substantial differencés
being found in some cases.*

Water resistance is considerably increased by Waveé. ‘The

ktéke~off speed with reference to the water is, however, consid-

ﬁiefably Iaduced by a head wind, Experience shows that the take-

"orthy seaplanes, such as the Frled‘i‘h~b_f; .
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wind may prevent the best seaplane from taking off With~fu11 .
load. Furthermore, it was found that floats, as ghown in Fig;‘
8, could not be used for alighting in seaway 4 at speeds exceed—f
ing 70 km/h (43.5 mi./hr.). At higher speeds, they are crushed
in by the waves. A wider speed range, apparently up to 85 km/h
(52.8 _mi./hr.), is enabled by the floats shown in Fig. 54c (which
are used in Amefica and England).

The hull of every-succéssful seaplane is provided with a
step near the c.g. (Fig. 15), The water flow is thus interrupt-
ed and no suction exerted on the rear portion of the hull, 1If
no s%ep is provided, d strong suction effect is created at the
stern and there is no, or a very small, decrease of resistance
abo¥e the critical épeed. Consequentlﬁ, the water resistance
can be overcome by hulls without steps only when they are very
lightly loaded. It is far more difficult to overcome the high-
water moments acting on o stepless hull with ordinary horizon-
tail tail planes. In taking off, a stepless hull can be neither
;aised nor depressed. It has a considerably smailer hydroplan-
ing angle than when there is a step. The step represents addi-
tlonal air resistance, increased Weight and, just in the middle
,of the hull a sudden change of sectlon,‘whlch on many occasions
~ has 1ed o the :cup-t;ure of floats and hulls at this point. Owing
,to these consideratlon8~ repeated attempts have been made to do
‘Without the step, but always with absolute fallure. A seaplane
ceuld never take off~w1thout the step. Tge;elevaxed point of



;NgAqGQAc‘Techniéal Memorandum No. 426

,~ appl1cat1on of the propeller thrust does not max riall

“fthe water resmstance. |

| The hull in Figure 15 has a step lylng aft af’t;
taxying on the Wgter‘after_having exceeded the oritical- 
Only a very small part of the step is submerged,‘bu£ cari &9: H ‘i i
nevertheless up to 85% of the total weight of the sea@léﬂé;‘?iﬁf?‘
this case, it is ascumed that the hydrodynamic-1ift resultant
passes through the CeZ8e An additional water resiétance is thus
created with a value of approximately 1/5 of the total weight.
This resistance acts at a certain distance from the line of
thrust of the propeller and develops a noéemheavy moment which
must be counteracted by the elevator. A downward force is thus
produced.and the seéplane becomes apparently heavier, the re-
sistance and take-off time being increased correspondingly.

In Fig. 16 the step is located far behind the c.g., and

the 1ift resultant passes aft of the c.g. There are two moments
which make the seaplane nose-heavy: one by water resistance and
propeller thrust, and the other by gravity and 1ift, Difficul-
ties are often encountered in taking off, when the bottom of the

_hull is not efficient enough. In such cases the requisite down-

5 ‘dnpressure on the elevator may reach 10 %o 15% of the total ;
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be deflected enough further to insure good maneuverability.

A hull with a too efficient bottom is easily thrust out of
the water before the take-off speed is reached. BSince sufficient
1ift is not reached at that moment, the seaplane falls heavily
Pback on the water. The seaplane may also happen to be stalled
just when, owing to the position of thé step, the elevator is
aiready fully deflected and a serioué accident, such as side-
slipping, may then result. By such leaps considerable stresses
~are exerted on the hull. The speed at which they begin can be
determined by tank tests. For well-designed seaplanes, they do
not occur before 90% of the take-off speed is reached. English
flying boats jumped even at 50% of the take-off speed. The
English Felixstowe "Fury" (Fig. 35) with five 250 HP. Rolls-.
Royce engines, was completely destroyed by such leaps. In this
case, tank tests should have been made before the construction
of the seaplane and not after the crash. This tendency can of-
ten be avoided by a slight displacement of the c.g. or by an
additional moment sometimes forward and sometimes backward. If
no improvement is thus obtained, the efficiency of the bottom
must be reduced by lowering the step or shifting it forward, or
else by reducing its width. Shifting the step under or in front
of the c.g. means a reduction of the efficient part of the bot-
tom and an increase of water resistance and spray, thus necessi-
tating increased engine power.

Under normal conditions a tail-heavy moment is developed by
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, fﬁé~water so,that in order to abtaln equ: i

T{Should not be 1ecated too far forward. Mmr':‘”i

  oerta1n types (such as the German qtandardtfloat
,ming step far aft of the CeZs ), which a;utomﬂw&i
er angles at the critical speed. The tail- heavy moment befo e |
and while rising on the step is due to a bow wave which theﬁhull’f;?ﬁ
pushes in front of itself. If this wave is cut by an appropri-

ate bow (which usually reduces the resistance), the step must

be shifted forward. In general, the sharper the V-bottom, the
smaller the tail-heavy moment.

- Formerly, air vents were often arranged behind the step to
facilitate the separatlon of the Water behlnd the step. On cer-
tain hulls (usually not very well d931gned) an extremely small,
scarcely measurable reduction of resistance was effected. It
is so small, however, that this means wags finally aandoned.

The air vents, necessarily of light construction, were a constant
source of leskage. | ‘
The cross section of the hull or float behind fhé step must

[be‘sﬁoh as to avoid close contact with the water and the pro-

‘,duction of suction effects. To this end, the outer part of the
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‘*  provide any oval hull section Wlth two shar

;Qf7chines at the bottom~

There are both s1ngle»stepped and two~step ed
 second step has a low weter resistance and prod;_‘
1zing effect durlng the take-off. In this case the hull runs .
on both steps and no, or a very small 1ong1tudina1 rocking .
motion is produced. In the case of a single step, the seaplane
is balanced on the main step by means of the elevator. Head
waves are more easily overcome by pulling the elevator control
back in advance. To produce the desired effect, the second step7.
must be some distance behind the first step. If it is too near
the first step, no satisfactory stabilizing effect is produced,
because its water resistance is too small. All these points v
are subject to various valuations. Therefore, there are still
many contradictory opinions regarding the rear step.

Conditions are different with reference to a third step.
The bottom, the position and the height of the main step should
be so designed as to insure a smooth separation of the flow.
Hulls which did not satisfy these conditions were former1y~prd—
1 5ﬁided With a third step between the two others. This was never

‘vﬁhowever_ to be more than a sllght'im‘r°v

he 1ines oorrectly; HMll& or floamsf[*




  d,aqg18 of attagk to produce great

:ﬁlent‘to 1ncreasing the take~off Speed 'gesid .

";f;chunter dlffloulties in overcoming head Waves ith e
7*stepped hull. Alightlng is also rendered more dlfflcult by the |
low position of the tail. In good designs, this angle is 10 to
15 degrees.

The cross section of the hull, as seen from the front,
greatly affects its characteristics. In this connection, a few
fiducial lines haye'likéwise been worked out. The shock of
alighting on water is smallest when there is a sharp V-bottom,
but the water resistance and the formation of spray are then
the greatest. This point is less important for flying boats
exceeding 10 metric tons in weight, since their take-off speed
is small in comparison with their size. In this case, the re-
serve power is large enough to overcome high water resistance.,f ‘

,_Consequently, for such boats, preference is given to a shaxp V-

‘ ‘om in order to reduce ‘the 1mpaot on the Water. The contraryﬁy? 
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the wings, the hull and the propeller. The spray is reduced by
bending the upper part down, as is done on the Linton-Hope hulls
(Figs., 34, 36, 40, 42, 50 and 65), by fitting a strip benegth
the outer edge of the chine, thus reducing the depth of immer-
sion, and by increasing the angle of attack of the hull and by
giving a suitable shape to the bow. The cross section should be
hollow and V-shaped with a flat, wide ground plan and approxi-
mately horizontal lateral and bottom surfaces to ride the water.
The chines, or the more or less horizontal bottom surfaces, must
be gradually raised toward the front. Little or no reduction
of spray is produced by longitudinal beams beneath the bottom,
The best shape of hulls and floats can be developed by tank
tests or by building a sufficient number of models. The same
results are obtained by both methods. The second method is more
expensive and considerably slower. Regardless of the danger in-
volved, this method was worked out during the war at Felixstowe,
England, by Colonel J. C. Porte, officer of the Bpitish naval
air service, who had no engineering training. The resulting
sacrifices of human 1ife could have been avoided by tank tests.
These experiments were subsequently described by Rennie in an

apologetic note.*

*Rennie, J. D. - Some Notes on the Design, Construction and Op-
eration of Flying Boats. "The Journal of the
Royal Aeronautical Society,' 1933, p. 133.
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QWlng to its great importanca a brlef descx

- hulls tested and evolved at Fellxstowe follcws.‘@f"'~

"The first experiments were taken in hand earlx in lw

dlfflculty met with was the problem of taking off Wlth a reason~{ 
able load. Thus the early experlments were made with the objectuui
of developing hydroplaning efficiency; such questions as gofe
landing, seaworthiness, stability, etc., were more or less neg-
lected until more powerful engines became available., The first
hull tested was a modified Curtiss "America" flying boat (FPig.
17): weight, light, 3100 1b,; fully loaded, 4500 1b.; horse-
power, 160; 1length of hull, 30 ft.; single step, projecting“
fin forward, ending at step, which was under the c.g. Fore and
aft angle between the underside of the tail and planing surface
of the ship was 10 degrees, |
At high speeds all single-step hulls balance on the step,
and trim depends upon the angle of the tail portion which, to

avoid water drag, should be held up during the acceleration pe-

. _  §15&; The original tail plane was lifting, which was excellent

“‘;this point of view and as much load as could be flown with

jif*could.vbe taken off ’she Wa:he:r. To improve the' ~stabi11t‘y o

a; especzally trim engine on and off, the tall was made




‘coﬁstrubfion‘adopted‘thereiwas a éaving of abbui'ﬁdolpnuﬁ@sg(f, " y
but it wag considerably weaker than the previous hull, and k
failed after several landings. s |

The next hull (Fig. 19) was similar to Fig. 17, but the
tail portion was 2 ft. longer, and fore énd aft angle redﬁcéd .
to 7 degrees. Owing to the reduction of this angle, it was'ﬁoti”
possible to trim back to the same angle as with Fig. 17;‘re—1  .
sulting in a higher "taking off" speed. | -

The chief lesson to be learned from these hulls was, from
the point of view of ability to hydroplane and low taking off

speed, the tail portion should be flat-bottomed to reduce suc- -

« ,tiOn, and fore and aft angle should befiarge to dbtain,thé1?‘,»»f' 5




~ ftaken off, Landing Was‘exceptio

f;laxge fore and aft angle. The deepex ' 

;‘or no shock With either a ncrmal or nearly stal

| Owing to the step being so far aft of the c‘g., the hull ran atif"‘

“a small angle and a large moment Was necessgary to t;lm back'to
take off, To relieve the pilot of this load, the step was |
shifted 3 f£t. forward. | |

Thé next hull was called the Porte I (Fig. 8l), and was

the prototype of all the "F' boats. An entirely different type

of construction was used, which will be shown later. The hull
was built at Felixstowe, and carried the same “Curtiss"‘supef~f
structure as before. Originally a single step, below the rear

spar, was fitted; hull 2 ft. longer in the nose and tail than

Fig. 19, being 36 ft. over-all; fore and aft angle 18 degrees, o

‘tail portion 7 in, higher than on Fig. 20; fins were carried*

'  é11fait;of the step and swept back into thewhuli;;"Vée"‘boﬁtam;~ﬁ?‘




 It was now decided to experiment w1th 1arger h;“_ ar

‘Abegin with, a large Curtiss "America' Was obtained (Flg. 88); .
partloulars of which are as follows: Total weight, 8?00 lb.; ‘tf‘w:z.n,:fI
160 HP. Curtiss engines; hull 40 ft. long, 11 ft. maximum beam;
fore and aft angle, 74 degrees. With this load there was noﬁf .
sufficient power to take off, 240 HP. Rolls-Royce engineé~wéré .
then fitted, Load taken off with difficulty, prlnoipally dus

to the lack of buoyancy forward. A most marked hump Speed

about 18 knots, was noticed. At a later date, when more powe#~ .
ful engines became available, these boats did some quite good

| work, but hulls were weak structurally. As the Porte I (Flg. 81){;}

7‘rhu11 was much superior to Fig. 22, it was d601ded to desi ,

\ld-@_new,hull on the seme lines to take the “America" puper-




e
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<structura1 strength without 1ncrease in welght.«- >f

33 (Flg- 34)._ The bullding of thls‘lar

 menta1 flying boat was carried out during the same )
the experimental modlficatlons to the Curtiss "America" hu

were in hand, and while the experience gained from thsm‘wa@,inw‘j*°*
corporated, it was not possible to take advantage of the Tesults
from the Porte I. Experience with these hulls confirmed the re-
sults obtained with the "America' hulls. Particulars: Weight,
loaded, 16,500 1b.; hull, 56 ft. 10 in. long; beam at step,

14 ft.; width of body,‘7 ft.; fitted with three 350 Rolls-

Royce engines; wing as tractors, and center a pusher.

Trials showed the length of forebody was not sufficient to
prevent wallowing in a following sea. BoWs were lengthened 3
ft., which enormously improved water performance. Air pipes
fitted to the step were found to be unnecessary.

Qonsidering the low power and the use of stranded cables
throughout, the air performance Was quite good, Top speed, 68
knots; climb up to 3000 ft,, about 150 ft. per minute. Time to
unstick With full load, about 35 seconds.

It was decided not to proceed further with the development

th°”type as the Water perfarmance was much 1nf{k‘

Po t ,II and type of hull construction, Weak.

‘VTaklngrlnto ocnsideratian water performance and hull con*‘l“
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In the F.3 and F.5 types, the hull was lengthened 3 ft., other-

wise the lines were essentially the same as those of thé}?@ﬁﬁajilg,;;
Increased horsepower and improved detail and aerdYnamio &ésiéﬁ i!7”
led progressively to greater load capacity and air performanCé;f‘
These types were pﬁt into production and used extensively during

the late war.

From the experience gained with these later types, it was
decided to construct a still larger boat. The P.S.B., or Porte
~Super.Baby, officially known as the Felixstbwe Fury, was the re-
sult. Fig. 35 shows profile, plan, and body sections'in detail.

It was originally designed for 24,000 1b. total weight, and to
be fitted with three 600 HP. Rolls-Royce Condor engines. As
these engines did not become available, five Eagle VIII's had
to be used, which led to a decided drop in air performance.

From every point of view, the boat was the best design
turned out at Felixstowe. It was found that the normal load
could be increased to 28,000 1b., under which loading, seaworth-
iness, ease of taking off and launching were superior to that of
the previous F-boats. Loading tests were continued up to 33,000

1b,, at which load Colonel Porte took her off in Harwich Harbozr.

~ Landing under all loads was without perceptible shocks

~ The extraordinary behavior 'of the hull in rpugh seas Was
;dﬁe%mainly to the buoyancy of the hull and the lines adopted,
fWiﬁh‘a,load Qf,zs,OOO lb;,;the chine at main step was not sub-

ed. Under all conditions, the propellers, cockpit and tail
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plane Were clear of water thrown upf 'Fromthié'ﬁéiﬁ%¢oa

Was found that the bow sectlons could be 1mpreved coj;J

These were too blunt, resulting in unneceSﬂary pcundln
ting off or landing in a rough sea, or at moorlngs.‘ It~w as
cided in any future designs to drop the keel profile,forwaxd,,’
kéeping everything else the same, thus obtaining a finer eniry;
without loss of buoyancy forward. :The net resuit of all these
experiments is that the lines and dimensions (Fig. 25) of a suc-
cessful flying boat hull for a given displacemént have been
evolved, It now remains to show how the various features in the
design contribute toward the fulfillmentiof the requirements
laid down above, and to indicate where, if at all; these dirffer
from what might be deduced from tank tests.

The experience gained required several months'! work, where-
as the same results would have been obtained in a few weeks by
model tests., When testing short-bowed models, the cockpit open-
ings were deluged with spray to a considerable extent (owing to
the conditions of friction). The fact that a step is located
too far oft is more easily revealed by a model, which is not

. subject to the influence of a wrong position of the c.g., or of

1=,utﬁe~elevaﬁ0r; On the actual hull or float the faults become

  ?appaxent by the dlfferenoe of Tarious values, but they are re-

'“Ued clearly by the model alone. The tendency to leap, Wthh

defect of hul “d~floats,,is entirely passed ove$v 




,tory, the method and extent vaxy ng

i ements of pramtice. We have selected from

‘@f measurements hav1ng permanent valug. . :
The measurement of the impact of a float on Water fcr dif»
ferent V-bottoms is‘of special interest.** Among the three | |
shapes shown in Fig. 26, 377 A resembles the usual German stand; ?:
ard float, 377 B, the float of the American Navy, and 377 O, tﬂﬁ U
English P-hulls. The simplification of the shape above water is
of no importance. The models were dropped on the_Water with inQ
creasing speed. With immersion, the dropping speed decreagesftbit* 
zero and the float is then directed upward.k The deeply subé
merged float rocks slightly about the position of equilibrium
and then comes to rest. The upward velocity is small, but the
‘~7agcelération and the retardation are considerable.“ The ab0V@
‘;Gdnaideraﬁions lead to the following conclusions: | -

~  "1§ Low,alighting speed, or increased size Qf~th§;hu;1‘fcg]°‘"
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3. Increase of alighting speed may produce disastrous

effects on floats Without V-bottom, but is tolera-

~ ble on V-bottom types (Fig. 37).
3. Under similar conditions the impact is emallest when
the rear ﬁortion first comes into contact with the
water (Fig. 28). J
4. The shape 377 B produces, with a few exceptions, the
smallest impact. Shape 377 C is nearly identical
with it.

The lines of the N.4 Titania and the N.4 Atalanta flying-
boat hulls are shown in Figs. 29-31l.*% Tank tests were made on-
1y after the Titania was already under construction. It was
first intended to omit the‘oeniral portion of the step and leave
only the lateral portions. Owing to excessive water resistance,
the step was subsequently extended over the whole widﬁh and even
the lateral portions were enlarged (Fig. 32). When the step is
too small, the resistance is typically similar to the case when
there is no step at all. It does not decrease sufficlently be~’
yond the critical speed. The Titania was fdund faultless. Not-

‘withstanding the sharp V-bottom, the resistance is small, owing
*{tq~;¢W loading‘0f the rather large hulls. (For a continuation

of this article, see Part I1I: Technical Memorandum Now 437,

~ *Baker, G, S. Experiments‘with Models of Flying Boat Hulls.

and = = British Advisory Committee for Aeronautics
Keary, E. M. Reports and Memoranda No. 472, Sept., 1918.

*axion by W. L. Koporlndé Paris Office,
,0na1 Adv1sory Committee for Aeronautlos.
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Fig.37 Alighting impact at different 0 0.5 1 15 2
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Fig.2¢ Lines of the English giant flying boat N.4 Titania.
Tithout main step : in the center. Also sec Fig 63.
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